Structural optimization problems with non-affine boundary conditions must usually be solved numerically. Here we present an example of such a problem which can be solved analytically. Our method utilizes extremal composites as structural components, and makes use of the explicit form of an optimal energy bound.
INTRODUCTION.
We consider a medium that is composed of two linear isotropic phases mixed in a given proportion. The medium occupies a bounded convex region f in space. The elastic response of such a composite strongly depends on the geometric arrangement of the phases. Assume that the medium is "smart" in that it is able to rearrange the phases in such a way as to minimize the stored potential energy induced by a given deformation. In general the response of such a material is nonlinear. However, there is a regime of linear behavior for a large set of applied affine deformations. This regime (and others) have been explicitly computed by L. Gibiansky and A. cherkaev8 and G. Allaire and R. Kohn1 for two space dimensions. The interesting feature of the 9inear" regime mentioned above is that it looks linear only for affine deformations. If the boundary displacements are non-affine, the "smart" medium becomes nonlinear. In the previous work one had to use the numerical code based on the above works of L. Gibiansky and A. Cherkaev and G. Allaire and R. Kohn. for examp1e. 3'46'"18'9 In the present work we managed to obtain some explicit results.1°2 RESULTS. Let be an open bounded, convex domain in R' with piecewise smooth boundary. We consider two isotropic materials with bulk and shear moduli denoted by k and 1u respectively. We shall suppose further that the two materials are well-ordered, i.e. k1 > k2 and p > I2; this assumption is necessary for the optimal lower energy bound to be applicable (see9) . The total volume of each material is assumed to be given, the first material having the volume 9j1J. The volume fraction 0 can be any number between 0 and 1. Also given is the displacement boundary condition u = g on 9f. In'0 we found that the potential energy associated with boundary displacements u = g is (k2 + p2)(k1 + /i2) 1 1 
with f(x) = f(y) in case of equality.
Finally, in order to describe how the "smart" medium rearranges the phases to achieve the optimum we need the function . Then, at every point x in 1 there will be a composite with the local volume fraction 9(x): 1-9(x)= 11 -and the local strain (x):
E(x) = aVV + (k2 + P2)I. Now we can describe a (non-unique) geometry of the composite as was done in2 '5'8'1217'2023 for various related problems.
